r-V * 



(12) 



UK Patent Application « 19 ,GB ni,2 329090 <i 3 ,A 



(43) Date of A Publication 10.03.1999 



(21) Application No 9815046.1 

(22) Date of Filing 10.07.1998 



(30) Priority Data 

(31) 9704dm 



(32) 09.09.1997 (33) KR 



(71) Applicant(a) 

LGScmicon Co Ud 

(Incorporated tn the RepubBc of Korea) 

1 Hyangjconfj-dong, Haungduk-ku, Cheonoju-si, 

Chunactwongbuk-do, R*pub(lc of Kor— 

(72) Inventorts) 

Hyun Mun Kim 

(74) Agent and/or Address for Service 
Withers & Rooms 

Gofdlng* How, 2 Hays tans, LONDON. SE1 2HW, 
Units d Kingdom 



(51) INT CL 6 

H04N 7/30 7/50 

(52) UK CL (Edition Q ) 

H4F FD3P FD3R F03T FRG 

(56) Documents Cited 

GB 2304485 A EP 0797349 A2 EP 0585573 A2 
EP 0526885 A2 WO 98/41025 A1 US 5337088 A 

(58) Field of Search 

UK CL (Edition P ) H4F FRG FBT FRW 
INT CL 6 H04JM 7/30 7/50 
Online: WW 



(54) Abstract Title, 

Removing blocking artifacts in a video coding ststem 

(57) A method of coding a moving picture or the like 
reduces blockJng artifacts. The method includes defining 
pixel sets SO, SI, S2 around a block boundary, selectively 
determining a deblocking mode as a default mode 4045 or 
a DC offset mode. 4075* depending on the degree of 
blocking artifacts. If the default mode is. . selected, 
frequency information is obtained around the block 
boundary per pixel using a 4-point OCT kernel 4055, for 
example, a magnitude , of a discontinuous component 
belonging to the block boundary is replaced 4065 with a 
minimum magnitude of discontinuous components 
belonging to the surroundings of the block boundary in 
the frequency domain and the replacing step is applied to 
the spatial domain, ft the DC offset mode is selected and a 
determination is made to perform DC offset mode, the 
blocking artifacts in a smooth region are removed 4105 in 
the DC offset mode. 
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METHOD OF REMOVING BLOCKING ARTIFACTS IN A CODING 
SYSTEM OF A MOVING PICTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of coding data, and more particularly, 
to a method of removing blocking artifacts when coding image signals such as in a moving 
picture at low-bit-rate. 

2. Background pf the Related Art 

Generally, to efficiently compress a time variable video sequence, it is necessary to 
remove redundancy in the temporal domain as well as in the two-dimensional spatial 
domain. In nioving picture experts group (MPEG), discrete cosine transform (DCT) is 
used to remove 7 the redundancy in the two-dimensional spatial domain while a motion 
compensation method is used to remove the redundancy in the temporal domain. 

The DCT is a method of removing the correlativity between data through a two- 
dimensional spatial transformation. Each block in a picture is spatially transformed using 
the DCT after the picture is divided into blocks. Data that has been spatially transformed 
tends to be driven to a certain direction. Only a group of the data driven in the certain 
direction is quantized and transmitted. 

Pictures,- which are consecutive in the temporal domain, tend to form motions of 
a human bekgor ah object at the center of the frame. This property is used to reduce the 



redundancy of the temporal domain in the motion compensation method. A volume of 
<Wa to be transmitted can be minimized by taking out a similar region from the preceding 
picture to fill a corresponding region, which has not been changed (or has very little 
change), in the present picture. The operation of finding the most similar blocks between 
pictures is called a motion estimation. The displacement representing a degree of motion 
is called a motion vector. MPEG uses a motion compensation-DCT method so that the 
two methods combine. 

When a compression technique is combined with a DCT algorithm, the DCT 
transform is usually performed after input data is sampled in a unit size of 8 x 8, and the 
transform coefficients are quantized with respect to a visual property using quantization 
values from a quantization table. Then, the data is compressed through a run length 
coding (RLC). The data processed with the DCT is convened from a spatial domain to 
a frequency domain and compressed through the quantization with respect to the visual 
property of human beings, not to be visually recognized. For example, since eyes of 
human beings are insensitive to a high frequency, a high frequency coefficient is quantized 
in a large step size. 

For the quantized data, the data having a relatively high frequency is coded with 
a short code word. The quantized data having a low frequency is coded with a long code 
word. Thus, the data is finally compressed. 

In processing a moving picture as discussed above, blocks are individually processed 
to maximize the compression ratio and coding efficiency. However, the individual 



process causes blocking artifacts that disturb the eyes of human beings at boundaries 
ketween blocks. 

A related art method of removing blocking artifacts will be described with 
reference to Figures 1 and 2. Figure 1 is a pixel matrix illustrating a method for removing 
blocking artifacts. Figure 2 is a pixel matrix illustrating block boundaries in horizontal 
and vertical directions. 

Various algorithms have been presented for removing blocking artifacts that appear 
in a coding system, which individually processes blocks. For example, MPEG-4 used a 
deblocking- filter by Telenor, which uses the following algorithm: 
If B is replaced with Bl and C is replaced with Cl, 

Bl-B + dl,, 
Cl - C - dl, and 

dl - sign(d)*(MAX(0,|d| -MAX(0,2*|d| - QP))) 
where d -(3A-8B+8C-3D)/16 and QP denotes the quantization parameter of the 
macroblock where pixel C belongs. 

In processing a MPEG-4 moving picture, blocking artifacts are removed using the 
above algorithm to improve picture quality. However, it is difficult to effectively remove 
the blocking, artifacts with the above with a small operation capacity in a real time 
operation. For example, coding and decoding a moving picture is a real time operation. 
In other word$, f to completely remove the blocking artifacts, a large calculation amount 
is needed, which is undesirable in efficiency. 



Alternatively, to remove the blocking artifacts, there is provided a method of 
changing processes of coding and decoding. This method increases the amount of bits to 
be transmitted. 

Still another method for removing blocking artifacts is based on the theory of 
projection onto convex sets (POCS). However, this method is applied only to a still 
picture because of an iteration structure and long convergence time. 

Thus, the related an methods for removing blocking iartifacts in a coding system 
of a moving picture have several problems. First, in performing an algorithm for 
removing the blocking artifacts, a calculation is complicated and the calculation amount 
and time become correspondingly large. Further, the blocking artifacts are not removed 
in either complex regions or smooth regions in a picture. In addition, the amount of bits 
to be transmitted increases. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a method of removing blocking 
artifacts in a coding system that substantially obviates one or more of the problems due 
to limitations and disadvantages of the related an. 

Another object of the present invention is to remove blocking artifacts when 
necessary in a smooth portion of a moving picture. 

Yet another object of the present invention is to provide a method of removing 
blocking artifacts in a coding system of a moving picture where blocking artifacts of the 
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moving picture are removed at real time using frequency features around a block 
boundary without increasing the amount of bits. 

To achieve at least the above objects in a whole or in parts, a method of removing 
blocking artifacts in a coding system according to the present invention includes 
determining at least pixel sets SO, Si, S2 around a block boundary, selecting one "of a 
default mode and a DC offset mode as a deblocking mode based on an amount of blocking 
artifacts, deblocking filtering pixels adjacent the block boundary if a default mode is 
selected, deblocking filtering of pixels adjacent the block boundary if a default mode is 
selected, and removing artifacts in the DC offset mode when the DC offset, mode is 
selected and a DC offset mode condition is satisfied, where the artifacts are removed in 
the DC offset mode according to the following equation: 

v ,= fl b .p , isnss 



V ( iv v .i <0P,? v'v 

Ifm<l; 

v^#Sims8; : 

(K-v,|<QP)v,:v„if m >Sj 

{b k :4sks4} - {1,1,2,2,4 ) 2,2,1,1}//16, 



wherein v 0 -v 9 are boundary pixels, QP is the quanatation parameter of a block adjacent 
the block boundary, and v Q is an adjusted pixel value. 

To further achieve the above advantages and in accordance with the purpose of the 

5 present invention, as embodied and broadly described, a method of removing blocking 
artifacts in a coding system of a moving picture according to the present invention 
includes the steps of defining pixel sets SO, SI, S2 around block boundary, selectively 
determining a deblocking mode as a default mode or a DC offset mode depending on the 
degree of blocking artifacts after obtaining a mode decision value, obtaining frequency 

[0 information around the block boundary per pixel using 4-point DCT kernel if the default 
mode is determined, replacing a magnitude of a discontinuous component belonging to 
the block boundary with a minimum magnitude of discontinuous components belonging 
to the surroundings of the block boundary in the frequency domain and applying this 
replacing step to the spatial domain, judging whether or not it is necessary to perform DC 

15 offset mode if the DC offset mode is determined, and removing the blocking artifacts in 
a smooth region when the judgment is to perform the DC offset mode. 

RRTFF PESCR TPTTOM OF THF DRAWINGS 
The invention will fie described in detail with reference to the following drawings 
20 in which like reference numerals refer to like elements wherein: 
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Figure. 1 is a diagram showing a pixel matrix illustrating a related art method of 
removing blocking artifacts; 

Figure 2 is a diagram showing a pixel matrix illustrating block boundaries in 
horizontal and vertical directions; 

Figure 3 is a schematic diagram showing a 4-point DCT basis; 

Figure 4 is a flow chart showing a preferred embodiment of a method of removing 
blocking artifacts according to the present invention; and 

Figure B is a table showing exemplary results of a preferred embodiment of a 
method of removing blocking artifacts according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODTMFNTS 
In a p^fitrred embodiment of the present invention, blocking artifacts at a block 
boundary are removed in a frequency domain not a spatial domain. Frequency features 
around the bloekboundary are preferably obtained using a 4-point DCT kernely which 
can be easily calculated. Thus, a complex region at the block boundary can effectively be 
processed by extending the smoothness of a picture from the frequency domain to the 
spatial domain. 

Using the 4-point DCT kernel has advantages that frequency analysis is possible 
and deblockiijgrcaii easily be processed. Therefore, the 4-point DCT Kernel can 
efficiently remove the blocking artifacts of a real time moving picture. 



The blocking artifacts appear at the block boundary between fixed block patterns 
in the form of a line of discontinuity. Accordingly, removal of the blocking artifacts 
involves transformation of the discontinuity of the block boundary region to continuity. 

Figure 2 shows a block boundary region in a horizontal or a vertical direction. In 
one-dimensional images consisting of four points such as SO, S 1 and S2 located around the 
block boundary, SI and S2 are individually processed with a block-unit compression 
method. Thus, SI and S2 are not influenced by the blocking artifacts. However, SO is 
located across a block boundary. Thus, SO is directly influenced by the blocking artifacts. 

In the preferred embodiment according to the present invention, frequency 
information in SI and S2 is used to reduce the blocking artifacts from SO. When images 
change smoothly, image features of SO, SI and S2 are similar, to one another. This means 
that image features of SO, SI and S2 are also similar to one another in the frequency 
domain. 

Since the frequency features of SO, SI and S2 are similar, the frequency component 
of SO influenced by the blocking artifacts is adjusted considering the frequency 
components of SI, S2, which can remove the blocking artifacts. Here, DCT, which is 
widely applied as an image compression technique, is used as a frequency analysis tool. 

The blocking artifacts may appear in. both horizontal and vertical block 
boundaries. In the preferred embodiment according to the present invention, after the 
blocking artifacts at the horizontal block boundary are removed, the blocking artifacts 
at the vertical block boundary are removed. 



Pixel sets SO, SI and S2, which overlap, can be defined around che horizontal block 
boundary. SO is a 4-point pixel set arranged across the block boundary while SI and S2 
are 4-point pixel sets that adjoin the block boundary. 

That is tosay, the pixel set SO contains a discontinuity. The discontinuity in SO is 
removed in the preferred embodiment using common information (e.g., between SO arid 
S2), which are not directly influenced by the discontinuity of the block boundary. 

The 4-point DCT basis is used to get information around the block boundary and 
is shown in Figure 3. The 4-point DCT basis vectors have symmetric and anti-symmetric 
properties. In other words, assuming the 4-point DCT coefficients of SO are defined as 
ao (0 pC), a 10 , a 2(0) .a 3 0 , although both and a 3>0 are the high frequency components, a^o 
is symmetric and a^ is anti-symmetric around the center. 

As shown in Figure 2, since the center of SO is coincident with the block boundary, 
a factor directly affecting the block discontinuity is not the symmetric component but the 
anti-symmetric component. Thus, in the preferred embodiment the magnitude of a 30 in 
the frequency domain is adjusted based on the anti-symmetric component so that -the 
block discontinuity can be adjusted. An appropriate adjustment of a 3<0 in the frequency 
domain is directly related to the removal of the block discontinuity in the spatial domain. 

Operations for reduction or removal of the block discontinuity will now be 
described. In the preferred embodiment, the magnitude of a 3 0 is replaced with the 
minimum value of the magnitudes of a 3 , and a 3 ^. By doing this, a large blocking artifact, 
which appears when one side of the block boundary to be processed is smooth, can be 



removed. Fcr a complex region where both SI and S2 are the objects of motion (i.e., all 
Ac values of the magnitudes of a 3J9f a u and ^ are large), there is little influence on the 
block boundary. 

A method for removing the blocking artifacts in a default mode in the preferred 
5 embodiment is as follows: 
v/=v 4 -d; 
v 5 ' = v 5 + d; and 

d = CUP(c J .(a 3>0 '- a 3>a )//c 3 ,0,(v 4 - v J )/2)*8(|a M | < QP), 
where a 3>0 ' = SIGN(a 3fl )*MIN(| a„| , | a w | , | a w |), 
10 a 3 . 0 = ([c, -c 2 Cj -c J*[v 3 v 4 v 5 v 6 ]y/c 3 , 

= (tei <2 c 2 -cJ^tv.VjVjvJ^Z/cj, and 
= (tc 1 <2C 2 -Ci]*[v$v»v 7 vJ)//ej. 
Thus, boundary pixels v 4 and v s that adjoin the boundary are replaced with v 4 " and 
v s \ respectively. QP is the quantization parameter of the macroblock where pixel v 5 
15 belongs. Values c„ c» c, are kernel constants used in the 4-point DCT. The values of c, 
and c, are approximated to an integer, and the value of c 3 is approximated to a multiple 
of 2. The values of a 3fl) a,,,, a 3 , are evaluated from the simple inner product of the DCT 
kernel and the pixel sets SO, SI and S2. 

The condition \z iP \ <QP is used to count the influence of the quantization 
20 parameter on the blocking artifacts. The condition |a w | <QP also prevents over- 
smoothing when the blocking artifacts are not very serious. The clipping operation on 
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the compensated value is performed co prevent the direction of the gradient at the block 
bo undary from being enlarged or changed in an opposite direction. 

This filtering process is performed in both horizontal and vertical block 
boundaries, lathis manner, the blocking artifacts in the whole frame can be removed. 

In the^default mode, only the boundary pixel values v 4 and v 5 are compensated. 
Thus, the default mode is not sufficient to remove the blocking artifacts in a very smooth 
region, such as a sming in a picture. Therefore, in the preferred embodiment the 
blocking artifacts in the smooth region are removed by a DC offset mode. 

A method for removing the blocking artifacts in the DC offset mode in the 
preferred embodiment is as follows: 

max - MAXjfo v 2 , v 3f v 4 , v 5 , v„ v 7 , v g ), 
min - MN(v l7 v 2) v 3 , v 4 , v 5 , v 6 , v 7 , Vj), 
if(|max : Vmih^<^ 

■ « **-4 k a*k 

« 1 0 0 1 

if m<l; 

v 0 , if liijteS; ' - 
(|v,-v,|<QP)v,:v l ,ifm>8; 
{b k :4sk*4} - {1,U^,4,2,2,1,1}//16. 

-11- 



If che absolute value of the maximum data value minus minimum data value in the 
Mock boundary pixels is smaller than twice the quantization parameter (i.e., if deblocking 
is required), the blocking artifacts in the smooth region are removed by the DC offset 
mode. 

5 The decision to use the default mode or to use the DC offset mode is preferably 

made based on the following condition: 

Mode decision value(eq_cnt) = 4>( v <r v i) + ${v r vj + <Kv 2 -v>) + <t>fe-v 4 ) + <t>(v 4 - 
v 5 ) + 4>(v 5 - vj + <J)(v 7 - vj + <J)(v, - v 9 ), 

where <j>(y) - 1 if |y| ^ THRl(first threshold value) and c|>(y) = 0 otherwise. 
10 If the mode decision value eq_cnt * THR2(i.e., a second threshold value), the DC 

offset mode is applied. In the remaining cases, default mode is applied. 

A method for removing the blocking artifacts to code a moving picture at low-rate- 
bit according to the preferred embodiment of the present invention will be described with 
reference to Figure 4. After beginning in Figure 4, control continues to step 401S. In step 
15 401S, three pixel sets SO, SI, S2 are defined based on the horizontal block boundary. 
From step 40 IS, control continues to step 402S. 

In step 402S, the mode decision value (e.g., eq_cnt) is determined and control 
continues to step 403S. In step 403S, the mode decision value is compared with a decision 
value (e.g., a second threshold value THR2 preferably set by a user) to perform 
20 deblocking filtering process by selecting the mode depending on the degree of the 
blocking artifacts in the picture. 
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If the determination in step 403S is negative, control continues to step 404S where 
tte default mode is set. From step 404S, control continues to step 405S where frequency 
information around the block boundary on each of the pbcel is determined, for example, 
using the 4-point DCT kernel. From step 405S, control continues to step 406S. 

In step 406S, the magnitude of the discontinuous component belonging to the 
block boundary is replaced with the minimum magnitude of the discontinuous 
components belonging to the surroundings of the block boundary in the frequency 
domain. This adjusting operation is applied to the spatial domain. That is, the magnitude 
of the discontinuous component belonging to the block boundary is replaced with the 
minim um magnitude of the discontinuous components belonging to the surroundings of 
the block boundary in the spatial domain. 

In the default mode of the preferred embodiment, the blocking artifacts are 
removed in step 406S using the method as described below: 

v/ - v 4 -d; 

v 5 ' m v 5 +.d; and 

d = CLIP(c 2 .(V- ^//c,A(v4- v s )/2)*6(|a,| < QP, 
where a,, 0 ' = SGN^MINaa^l, I^J, 1^1), 

A),0 - ffCi < 2 C 2 ^HVjV+VsVjy/Cj, 

- (tq -c 2 c 2 -cj^v^^vj 7 )/^, 
a 3t2 - ffct-c^Cj-CiHvjV^v,] 1 )/^. 



In the default mode, the blocking artifacts are effectively removed in a complex region. 
However, the default mode does not sufficiently remove blocking artifacts in a smooth 
region. 

If the determination in step 403S is affirmative, control continues to step 407S 
5 where the DC offset mode is set to remove the blocking artifacts. From step 407S, 
control continues to step 4C8S where the minimum and maximum data values (rnin, max) 
are determined. From step 408S, control continues to step 409S where a determination 
is made to remove the blocking artifacts in the default mode. If the determination in step 
409S is negative, the process ends. If the determination in step 409S is affirmative, control 
10 continues to step 4 10S. 

In the DC offset mode according to the preferred embodiment, in step 410S, the 
blocking artifacts are removed using the following algorithm. 



max - 



MAX(v„ v 2 , v 3> v Ai v 5 , v 6 , v 7 , v 8 ), 



min - MIN(vj, v 2 , v 3 , v 4 , v 5 , v 6 , v 7 , v 8 ), 



15 



if (| max - min| < 2.QP), /*low pass filtering*/ 




P -( \v -v \<QP) ? v : v , 

m 1 1 0 1 0 1 



20 



if m<l; 



v m) if l5m^8; 
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(!w 9 j<QP)v>„ifm>8; 

{b k : -4iks4} - {1,1,24.4,2A1,1}//16. 

The maximum data value and the minimum data value in the block boundary 
pixels are obtained in step 408S. Then, if the absolute value of the maximum data value 
minus the minimum data value is smaller than 2QP (i.e., if deblocking is required), the 
blocking artifcos in the smooth region are removed by the DC offset mode in steps 409S 
and410S. 

From step 406S and 410S, control continues to step 41 IS. If the deblocking 
filtering process around the horizontal block boundary is completed, the deblocking 
filtering process around the vertical block boundary is performed in step 41 IS. From step 
411$, control continues to step 412S. 

In step 412S, the deblocking filtering processes around the horizontal and vertical 
block boundaries repeat over the whole frame. From step 412S, the process ends. 

Figure Sis atable illustrating exemplary PSNR properties according to the method , 
of removing the blocking artifacts of the preferred embodiment. The conditions yielding 
the exemplary results of Figure 5 are as follows: 

300 frames (only the initial frame was coded in intra.); 
Fixed QP; 

H.263 quantization;. 
F_code - 1; 
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Enable DC/AC prediction; and 
Rectangular shape VOP. 
As shown in Figure 5, the method for removing the blocking artifacts of the preferred 
embodiment improves results relative to VM (no filtering) of MPEG-4. 

As described above, the method for removing the blocking artifacts according to 
the preferred embodiments of the present invention has various advantages. The 
deblocking filtering process is performed using features of the frequency domain so that 
the blocking artifacts are effectively removed. Further, the blocking artifacts are removed 
in both the complex and smooth regions. Thus, an excellent image or picture quality is 
provided. In addition, amount of bits does not increase. 

The foregoing embodiments are merely exemplary and are not to be construed as 
limiting the present invention. The present teaching can be readily applied to other types 
of apparatuses. The description of the present invention is intended to be illustrative, and 
not to limit the scope of the claims. Many alternatives, modifications, and variations will 
be apparent to those skilled in the art. 
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^HAT IS CLAIMED Pfe 



1. A method for removing blocking artifacts in a coding system of a moving 
picture comprising the steps of: 

deter minin g a plurality of pixel sets around a block boundary; 
selecting one of a first mode and a second mode as a deblocking mode based 
on a degree of blocking artifacts; 

performing an analysis, if the first mode is selected, comprising, 
*" obtaining frequency information for each of the plurality of pixel sets, 
replacing a magnitude of at least one discontinuous component in the 
frequency domain of a selected pixel set of the plurality of pixel sets belonging to the 
block boundary with a magnitude of at least one corresponding discontinuous component 
belonging to a fpa&ni&t pixel set of the plurality of pixel sets near the block boundary, 
and 

applying the replaced frequency information of the selected pixel set 
to the spatial domain to remove the blocking artifacts; and 

removing the blocking artifacts in the second mode, if the second mode is 
selected and a second mode condition is satisfied. 



2 * The .method as claimed in claim 1, wherein the magnitude of the 
discontinuous component of the selected pixel set is replaced with a minimum value of 
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a ma 



gnitude of discontinuous components of one of a first pixel set and a second pixel set 
when the selected pixel set is located across the block boundary and the first and second 
pixel sets are located within a block adjacent the block boundary. 



j. 



The method of claim 1, further comprising determining a mode decision 
value, wherein the second mode is selected if the mode decision value is greater than a first 
threshold value. 

4. The method as claimed in claim 3, wherein mode decision value is 
determined based on the following equation: 

mode decision value - <|>(v 0 - vj + <t>( v r v z) + 4>( v 2 - v,) + 4>(v, - v 4 ) + <}>(v 4 - 
v s ) + 4>(v 5 - v.) + (j>(v 7 - v s )+ <t>(v,- v,), wherein (J)(y) - 1 when |y| s a second threshold 
value and (t>(y) = 0 otherwise, and wherein v 3 -v, are boundary pixel values. 

5. The method as claimed in claim 1, wherein the second mode condition is 
satisfied when an absolute value of a maximum data value minus a minimum data value 
in block boundary pixels is smaller than 2QP, wherein the maximum data value = 
MAX(v„ v„ VjJ v 4 , v„ v t , v 7 , v,), the minimum data value = MIN(v„ v 2 , v„ v 4J v„ v t , v 7 , 
v,), QP is the quantization parameter of a block adjacent the block boundary and v.-v, are 
pixels. 
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6; * -The method as claimed in claim I, wherein ihe second mode performs low 
pass filtering to remove the blocking artifacts. 



7. The method as claimed in claim 1, wherein the deblocking filtering in the 
default mod^performed by replacing the magnitude of the discontinuous component 
of pixels v 4 and v 5 that sandwich the block boundary with v/ and v 5 \ according to the 
following equation: 

Vj' » v 5 + d 

d - CUP(c 2 .(a 3 V- a Ji0 )//c 3> 0,(v 4 - v 5 )/2)*6(| a „| < QP 

»■ SIGN(a J0 ) *MIN(| a Jt0 | , | a 31 [ , | a Jt , |) 
* }fi = (tci <i c 2 < 1 ]*[v J v 4 v 5 v 6 ]' , )//c ; 
ajU - (fa -Cj c 2 < 1 ]*[v 1 VjV 3 v 4 ] T )//c 3 

where QP is the quantization parameter of the block containing the pixel v„ values c„ cj, 
c 3 are kernel constants used in a DCT, and values of a )i0> a 31 , a„ are the discontinuous 
component in each of the plurality of pixel sets, respectively. 

8. The method as claimed in claim 7, wherein c, and c, are approximated to an 
integer and c 3 is approximated to a multiple of 2, wherein the DCT is a 4-point DCT used 
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to determine the frequency information, and wherein a 3i0J a w , a 3J are evaluated from an 
inner product of the DCT kernel and the selected pixel set being SO, a first pixel set S 1 and 
5 a second pixel set S2. 

9. The method as claimed in claim 7, wherein |a 3t0 | < QP prevents over- 
smoothing. 

10. The method as claimed in claim 1, further comprising performing the 
deblocking filtering process around horizontal and vertical block boundaries in a frame. 

11. The method of claim 1, wherein the removing blocking artifacts in the 
second mode satisfies the following equation: 



b .p 



l£ni 8 



n-Jc 



V (| V v o l<CP)? VV 

if m<l; 
5 v m , if lsm<;8; 
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(I v r v 9 j < QP) v,:v |f if m > 8; 

- {UA2,4,U1,1}//16, 
where v 0 -v 9 are boundary pixels, QP is the quantization parameter of a block adjacent the 
block boundary, and v a is an adjusted pixel value. 

12. The method of claim 1, wherein the replacement pixel set contains a 
minimum magnitude of the at least one corresponding discontinuous component. 

13. The method of claim 1, wherein the first mode is the default mode and the 
second mode is the DC offset mode, and wherein each of the plurality of pixel sets has 
four pixels. 

14. A method for removing blocking artifacts in a coding system comprising: 
determining at least pixel sets SO, SI, S2 around a block boundary; 
selecting one of a default mode and a DC offset mode as a deblocking mode 

based on an amount of blocking artifacts; 

deblocking filtering of pixels adjacent the block boundary if the default 
mode is selected; and 

.. -removing:artifacts in the DC offset mode, if the DC offset mode is selected 
and a DC offset mode condition is satisfied, wherein the artifacts are removed in the DC 
offset mode according to the following equation: 



P =( |v -v \<QP) ? v : v , 

<a 1 0' 0 1 



if m<l; 
v m , if l<;m<;8; 

(K-v 9 |<QP) v 9 :v 8 ,ifm>8; 

{b k : -4<;k*4} « {l f lA2 ? 4,2,2,l,l}//16, 

wherein v 0 -v 9 are boundary pixels, QP is the quanatation parameter of a block adjacent 
the block boundary, and v n is an adjusted pixel value. 

15. The method of claim 14, wherein the deblocking filtering step comprises: 
obtaining frequency information for each of the plurality of pixel sets SO, 

S1.S2; 

replacing a magnitude of at least one discontinuous component in the 
frequency domain of a selected pixel set SO of the plurality of pixel sets belonging to the 
block boundary with a magnitude of at least one corresponding discontinuous component 



* * 



belonging to a replacement pixel set SI, S2 of the plurality of pixel sets near the block 
boundary; and 

applying the replaced frequency information of the selected pixel set SO to 
10 the spatial domain to remove the blocking artifacts. 

16. The method of claim 14, further comprising determining a mode decision 
value, wherein the DC offset mode is selected if the mode decision value is greater than 
a first threshold value, wherein mode decision value is determined based on the following 
equation: 

5 mode decision value - 4>(v 0 - vj + ^(v l - yj + <J)(v 2 - v 3 ) + (j)(v 3 - v 4 ) + <f>(v 4 - 

v 5 ) + <J>(v 5 - v t ) + <j>(v 7 -V,)+ $(v,- v 9 ), wherein <j>(y) = 1 when |y| * a second threshold 
value and <|>(y^— 0 otherwise, and wherein v 0 -v 9 are boundary pixel values. 



; .17. The method of claim 14, wherein the DC offset mode condition is satisfied 
when an absolute value of a maximum data value minus a minimum data value in- block 
boundary pixds is smaller than 2QP, wherein the maximum data value « MAX{v l9 v 2 , 
v 3j v 4> v 5 , v 6 , v 7 , v s ), the minim um data value - MINfa, v 2 , v 3> v 4 , v $ , v 6 , v 7i v 8 ), QP is the 
5 quantization parameter of a block adjacent the block boundary and v r v g are the block 
boundary pixels* \ 
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18. The method of claim 14, wherein the deblocking filtering in the default; 
mode is performed by replacing the magnitude of the discontinuous component of pixels 
v 4 and v 5 sandwiching the block boundary with v/ and v s ', according to the following 
equation: 

v/ = v 4 -d 
v 5 ' - v 5 + d 

d - dJP(c 2 .(a 3 ;. a )>a )//c 3l 0,(v 4 - v 5 )/2)*8(|a 3i0 | < QP 
a 3|0 ' = SIGN(a 3i0 )^MIN(|a3 tO Ua3 >1 | J |a3 >2 |) 
a 3l0 - (tci <2 c 2 -Cil^vjv^vj 1 )// c 3 

where QP is the quantization parameter of the block containing, the pixel v 5 , values q, c,, 
c 3 are kernel constants used in a 4-point DCT, and values of a 3t0 , a 3il , a 3J are based on a 
simple inner product of the DCT kernel and the selected pixel set SO, a first pixel set SI 
and the second pixel set S2. 

19. The method of claim 14, further comprising performing the determining 
through removing steps for each horizontal and vertical block boundaries in a frame. 
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